Objectives. Cardiovascular diseases are the leading cause of death in the world. Although mortality rates have declined gradually in developed countries
, which seems to be experiencing a phenomenon called epidemiologic transition, in which high (but declining) mortality from health problems characteristic of underdeveloped countries such as infectious diarrhea and gravidpuerperal cycle complications coexist with increasing numbers of fatalities related to chronic degenerative diseases including those of cardiovascular origin.
A number of factors may act in concert to reduce the incidence and death rates from CVD, including stroke and coronary heart disease. These factors may include general factors affecting the whole population or large parts of it-such as a gradual improvement in economic conditions-and more widespread access to drugs used to treat major risk factors such as systemic arterial hypertension and diabetes.
Earlier studies of trends in mortality from CVD in Brazil analyzed data from specific cities or regions or addressed specific diseases (13) (14) (15) . An extensive analysis of the mortality rates from cardiovascular causes exploring eventual discrepancies between diverse groups of diseases has not been undertaken. Also, possible regional disparities in cardiovascular-related mortality in Brazil have not been previously studied. Inequalities in the distribution of cardiovascularrelated mortality are highly probable, considering the marked discrepancies in general health and socioeconomic conditions throughout the country. We have shown that between 1980-1982 and 2000-2002 stroke mortality rates in Brazil declined more steeply in the richest regions (16) . We now present the evolution of mortality rates from the main groups of CVDs in Brazil from 1980 through 2003, exploring possible differences according to age and gender and among diverse geopolitical regions exhibiting marked socioeconomic disparities.
MATERIALS AND METHODS
The number of deaths from cardiovascular causes was obtained from the Brazilian Mortality Information System made available by the National Health Ministry (17). Data were obtained for all cardiovascular deaths and for four large groups of diseases: coronary heart disease, stroke, complications of hypertension (essentially cardiac and renal disease), and other causes. For the years 1980 through 1995, causes of death were classified according to the ICD-9 code system: coronary heart disease (410-414), stroke (430-438), complications of hypertension (401-405), and other causes (390-398, 415-429, 440-459). From 1996 on, the ICD-10 system was used: coronary heart disease (120-125), stroke (160-169), complications of hypertension (110-113), and other causes (100-109, 126-151, 170-199).
The mortality rate estimates, expressed as the number of deaths per 100 000 inhabitants, were calculated for the population estimates derived from the Brazilian censuses held in 1980, 1991, 1996 , and 2000 (Brazilian Institute of Geography and Statistics) and also made available by the National Health Ministry (17). The intercensus populations (1981-1990, 1992-1995, 1997-1999, 2001-2003) used in these calculations were estimated from the Lagrange interpolation, classified according to region, gender, and age strata. The age distribution is presented according to the Pan American Health Organization system. All rates were standardized by age through the direct method, with the total Brazilian population from 2000 as the standard-derived from the Brazilian census held in 2000 by the Brazilian Institute of Geography and Statistics and also made available by the National Health Ministry (17). In summary, the procedure consisted of a number of sequential steps (18) . Specific mortality rates for each period were calculated for the six prespecified age groups; these rates were then applied to the standard population, resulting in an "expected mortality" for each age group. The ratio between the sum of the expected mortality of all age groups and the total population in the same period resulted in the age-standardized mortality rate (SMR).
We explored the evolution of cardiovascular mortality rates, stratifying them by gender, age group, and region. There are five geopolitical regions in Brazil, two of which (Southeast and South regions) have a distinctly higher gross internal product and mean income per capita. Correction for undefined causes of death was routinely made, as a large, although declining, proportion of death certificates in Brazil still carry this label (e.g., 21 .5% of deaths in 1980 versus 15.1% in 1999) (19) .
Trends for mortality from CVD-total and related to the four prespecified groups of diseases-during the 1980-2003 period in Brazil and separately for each gender, age group (six categories), and geopolitical region (five categories) were analyzed with the negative binomial regression model. This model was used because of overdispersion found in the analyzed data (20) .
The model is represented as follows:
Log(event rate) = α + β × year + ε where α indicates the intercept, β is an angular coefficient, and ε is random error. Models were constructed for each stratum of the variables considered-for example, a model for mortality in females, a model for mortality in the 20-to 34-year age group, and so forth.
We obtained the average annual percent change for disease rates with the following formula: 100[exp(β) -1] .
For all statistical analyses, we considered a P value < 0.05 to be statistically significant. All analyses were performed with the statistical software package SAS for Windows 9 (21) .
RESULTS
The number of deaths from CVD in Brazil stratified by gender in 1980 and 2003 is presented in Table 1 . The total number of deaths attributable to CVD in Brazil increased steadily during the period studied. The mean annual number of deaths increased 45% between 1980 and 2003; a similar trend was evident for all four groups of diseases. This increase mainly reflects the progressive aging and growth of the Brazilian population.
Nevertheless, the SMR consistently decreased in Brazil between 1980 and 2003 for all groups of diseases (Table 2 and Figure 1 ): total cardiovascular mortality rates exhibited a mean annual reduction of 3.9% per 100 000 inhabitants. Stroke exhibited the highest mortality rates among CVD but also the largest average annual decline-4.0% per 100 000 inhabitants per year; rates related to coronary disease exhibited an average reduction of 3.6% per 100 000 inhabitants. During the same period, all-cause mortality rates in Brazil also declined markedly, from 631.41 to 541.73 per 100 000 inhabitants (a mean annual reduction of 3.9%).
For both genders, there was a statistically significant declining trend for death rates from all CVD and from the four subgroups of diseases (P < 0.0001
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Original research for all). The average annual percent decline was similar for men and women in all categories of diseases (Table 2) . Stroke was the main cause of death in women in 1980 and again in 2003. Since 1999, ischemic heart disease has surpassed stroke as the leading cause of cardiovascular death in Brazilian men ( Figure 2 ). The decrease in mortality rates was observed in all age strata (Table 2) . A more marked decline was apparent in the youngest population group (up to 45 years) but all strata experienced a steep decline over the last 24 years (P < 0.0001 for all findings). Mortality related to hypertensive complications in the oldest population group (≥ 75 years) constituted an isolated exception, with rates increasing slightly (mean 0.4% per year) over the period studied.
A reduction in mortality rates occurred in all geopolitical regions (Table 2 and Figure 1) . The North region exhibited more marked reductions during the study period; this finding must be interpreted with caution because a parallel increase in migratory inflow from other Brazilian regions occurred between 1980 and 1991, resulting in a much higher than average demographic expansion in that region (22) . Excluding the North region, the wealthiest regions (South and Southeast) exhibited higher initial mortality rates from CVD and also more marked reductions over time than other, less well-developed regions. The trends move in the same general direction for stroke and ischemic heart disease.
DISCUSSION
SMR from CVD consistently decreased in Brazil over a period of 24 years. A parallel reduction in all-cause mortality rates has also been demonstrated. In the early 1980s, CVD constituted the primary cause of death in Brazil, followed by external causes, infectious diseases, cancer, and respiratory diseases. In 2003, the scenario was similar, with a relative increase in mortality from cancer, now second to CVD, and a decline in mortality from infectious diseases, now in the fifth position. Among these five groups of diseases, only CVD and infectious diseases presented decreasing mortality rates during the study period. The process of epidemiologic transition is still under way in Brazil, where mortality from infectious diseases and undernutrition has declined steadily over the last 70 years (most markedly between 1930 and 1985), and mortality due to CVD increased until the early 1970s; after a period of apparent stability between 1970 and 1985, it now exhibits a gradual decline similar to what happened in developed countries in previous decades (23 On the other hand, stability or even an increase in CVD mortality was evident in Eastern Europe and in underdeveloped countries during the 1980s and 1990s (24, 25) .
A striking finding of this study is the homogeneous decline in CVD mortality from all groups of causes in both genders and in all age strata (an isolated exception is deaths related to hypertension in the oldest stratum). This finding strongly suggests the interplay of factors that influence the incidence of CVD in the whole population such as a reduction in mean salt consumption and blood pressure levels. The main classes of antihypertensive drugs (β-blockers, calcium channel blockers, angiotensinconverting enzyme inhibitors, and diuretics) can now be obtained at no expense through the public health system (26) . The importance of blood pressure control as a core determinant of the global reduction in CVD mortality is also suggested by the steeper decline in stroke mortality detected and resulting in coronary artery disease becoming the leading cause of death in men from 1999 on. In clinical trials, the reduction in the incidence of stroke has been greater than the reduction in the incidence of myocardial infarction-35% to 40% versus 20% to 25% (27) . Another factor with a potentially large impact should also be mentioned. The National Program of Smoking Control resulted in a 32% decrease in per capita annual cigarette consumption between 1989 and 2002 as well as a reduction in the prevalence of current smoking (28) .
A reduction in hospital mortality over time is also probably a factor leading to the detected reduction in CVD mortality. The availability of hospital beds in Brazil decreased during the study period, from 3.7 per 1 000 individuals in 1980 to 3.1 per 1 000 in 2001 (29) . It should be mentioned that during this period intensive care units and coronary care units became widely available (30) . The appearance and increasing availability of procedures potentially resulting in greater diagnostic accuracy or therapeutic benefit such as computerized tomography, echocardiography, endovascular interventions, and renal dialysis should also be mentioned as contributing factors (31) .
The reduction in CVD mortality during the period studied appears to be related to indices of increasing social development. Coronary heart disease is now (since 1999) the leading cause of death in the richest region of the country (Southeast). We found an inverse and strong correlation between the human development index (HDI), which increases in association with improved economic and social indicators (life expectancy, education attainment, and income per capita) (32) , and CVD mortality between 1980 and 2000 (data available from the authors): Spearman correlation coefficient = -1.0; P < 0.001. The importance of socioeconomic determinants is highlighted by the fact that, although the reduction in CVD mortality rates occurred in all geopolitical regions, it was more marked in the South and Southeast regions-responsible for 75.4% of the crude internal product and with a higher HDI (33)-and less so in other regions, which exhibit medium (but also increasing) HDI and can be seen as nonestablished market economy regions.
The interregional differences probably reflect the variable impact of a number of factors including lifestyle differences (physical activity, smoking, dietary habits), thoroughness of detection and control of classic risk factors such as hypertension and diabetes, and differences in hospital care. The two wealthiest regions, for example, concentrate three-quarters of magnetic resonance imaging and computerized tomography machines, with additional intrinsic access inequalities (equipment heavily concentrated in private facilities that assist only 17.4% of the population). The corresponding figures for health facilities with emergency departments, intensive care beds, and coronary care units are 65%, 71%, and 88%, respectively (33) .
Disparities in CVD mortality according to socioeconomic factors have been observed in other countries. The odds of coronary heart disease in both genders are more than two times greater in lowincome groups (34) . In the United States of America, CVD mortality appears to vary according to racial origin (probably reflecting different lifestyle and dietary risk factors) as well as to social disparities (35) . A recent Scottish study indicates that area-based indicators of poverty and individual social class influence the prevalence of common risk factors and morbidity and mortality from CVD (36) .
Despite the encouraging finding of a steadily declining cardiovascular SMR, the total number of deaths from CVD in Brazil progressively increased in recent decades. This fact could reflect total population growth and also a progressive increase in mean age of the population, which will continue in the future. Mean life expectancy increased from 62.6 years for people born in 1980 to 71.7 years for those born in 2004 (37) . The projected life expectancy for those born in 2020 is 76.1 years. Additional factors in the future may lead to a relative increase in the number of CVD deaths such as the observed increase in the prevalence of diabetes and obesity (28, 38) . A national program to guarantee free access to treatment for hypertension and diabetes was launched in 2002 and was conceived to revert the present picture of a very low degree of control of hypertension in large cities (26) . Developing countries face problems of prohibitive costs of care and therefore a huge emphasis should be placed on primary preventive strategies to effectively deliver treatment for hypertension and other cardiovascular risk factors (39) .
A potential limitation of this study should be mentioned. Death certificates are the only data source available to assess population trends in CVD mortality. However, the reliance on death certificates may introduce bias, as it could be influenced by the quality of data recording, a worldwide problem (40) . In Brazil, the quality of mortality data collection is traditionally worse in regions with lower socioeconomic indices (19) . However, a gradual improvement in data recording is being noted (19) . In the future, a relative increase in the proportion of deaths attributable to CVD could be reported in poorer regions, because most of the so-called deaths of undetermined cause are actually due to cardiovascular conditions.
In conclusion, over the past 24 years, CVD mortality in Brazil decreased steadily in women and men in all age strata, but the magnitude of the decline varied according to regional socioeconomic differences. Furthermore, with the progressive increase in the total number of annual deaths from CVD expected in the coming decades, additional prevention efforts should be encouraged. Considering the observed association between socioeconomic conditions and CVD mortality, broad interventions may be more successful if planned according to social inequality and cultural differences.
